Abstract
Introduction
When Mobile Node (MN) during its movement changes its Access Point (AP), we called it a handover. If this AP belongs to same network as was previous then we say it a Horizontal handover and if two APs between which MN switches belongs to different technologies we called it vertical handover
Emerging wireless technologies come up with different challenges in heterogeneous environment.
Every technology has its own pros and cons, e.g., WiMAX is best suited for high bandwidth applications and long coverage area, whereas WiFi has high bandwidth but less coverage area and cellular technologies like UMTS/GPRS is not better for real time applications as it has limited data rates but as far as coverage area is concerned it is best among three.
The integration of three networks, UMTS, WiMax and Wifi to provide seamless mobility and QoS guarantee is challenging issue. Seamless Mobility can be attained by connecting between diverse access technologies while connection there should be uninterrupted and continuous session transfer from one technology to another. Seamless mobility delivers continuity and transparent access as user move between different interfaces, environment and networks. 802.21 provide seamless mobility support in heterogeneous networks. Figure 1 shows mobile node seamlessly moving between different technologies. With the more exploitation of real time applications such as VoIP and video conferencing, now the challenge arises how to provide QoS support with seamless mobility in heterogeneous environment. To measure QoS in any environment we use different parameters, i.e., throughput, Packet error rate, jitter and handover latency [1] .
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In this paper we propose a vertical handover approach using 802.21 MIHF, adding QoS layer to MIH to provide guaranteed delivery of real time application packets.
Rest of paper is organized as; in section II we will discuss different Seamless Mobility approaches, proposed approach is explained in section 3, section 4 enlighten implementation details section 5 describes results and performance analysis and conclusion in 6.
Seamless Mobility Approaches
In [2] Joo Young Baek, et al. proposed network initiated handover based on 802.21 framework to provide QoS continuity in UMTS and 802.16 networks. In this approach, they defined a new MIH messages for handover to occur.
A bandwidth based adaptation algorithm to provide QoS is proposed by Xin Gang Wang, et al. in [3] , in this paper they proposed QoS management scheme and how to adjust the QoS to maintain ongoing sessions with efficient use of the system resources based on per class degradation.
In [4] , a QoS based vertical handover method is used between UMTS Systems and WLAN networks. The proposed scheme mainly searches for target cell using connected network and after checking all QoS parameters, handoff decision is taken which improves service quality and data throughput and reduces packet losses and handoff delay. This approach also considers unnecessary network disconnection.
In [5] , a unified IP framework to support QoS over UMTS and WLAN is discussed. The approach discusses resource reservations and QoS issues of these neteorks when used as IP core access systems.
QoS based Vertical Handover Approach:

System Architecture:
The overall system architecture is shown in Figure  2 . Introducing QoS layer above the 802.21 MIH layer, this layer gets information from different layers and make handover decision.
Information Collection: Under the IEEE 802.21 [6] media independent handover function (MIHF) shown in Figure 3 , current network connecting with the terminal can easily collect the useful information of its neighboring networks by registering for MIH services. Most information are static (i.e., network ID, link type, service types available in a network), so current network can collect them once it senses the new neighboring network or any other time, and store them in its own database. Unlike the static ones, some information is dynamic, changing with time (i.e., available bandwidth, packet loss rate). Current network sends the dynamic information request to neighboring networks after it finds out the link between itself and the terminal is going down and the handover is going to be triggered. How to deal with the collected information to select the best new network for the terminal to hand over is explained in details below. application and user preferences also set by user on application layer. On the basis of these events QoS layer is activated. Fuzzy Inference System: Fuzzy expert system consists of fuzzifier, fuzzy inference engine, fuzzy rule base and defuzzifier [7] . Here in this research, sing fuzzifier and fuzzy rule base, which are explained further below.
Fuzzification: In fuzzification converting the crisp values into linguistic variables and then defining membership function (mf) for each variable. In the proposed system for bandwidth, mf is low and high, for user preferences and signal strength it is low, medium and high. These mfs are then used to evaluate rules.
Rules Evaluation
: Rules are evaluated using AND, OR Boolean logic. For the combination of three inputs, there are 18 possible rules, for signal strength and user preferences, using three (3) mfs and two mf's for bandwidth.
And output is given by numbers from 1 to 18 in preference of lower to higher. This output is stored in files for further processing.
State Maintaining: In state maintaining, writing the state of the last evaluated interface in file, and then comparing with the already evaluated, if this is better than previous interface, select this else remain in the same network.
Comparator: The job of comparator is to read the states of different networks from file and then compare those with each other to get the better one, according to the changed requirements.
Handover decision: Handover decision would be based on comparator output; this module will take the input from comparator and direct the flow to desired interface.
Implementation Details of Proposed Approach:
Simulation Scenario
Scenario 1: User is roaming between UMTS, WiMax and Wi-Fi networks. At start MN is in UMTS network running some data application, as it is moving, it enters in WiMax coverage area and detects Link Up trigger and it shifts to WiMax networks, because it is better than UMTS in cost and bandwidth, after sometimes it comes in the range of Wi-Fi network, now flow is redirected to Wi-Fi network.
The proposed scheme is implemented using a network simulator (NS-2). The Wi-Fi (802.11b), WiMAX (802.16), UMTS and Mobility model from NIST are used in the simulation. In the simulation, each MN consists of three radio interfaces, one for WiFi, one for WiMAX and the other for UMTS. The MN switches the network interfaces using the proposed intelligent vertical handover algorithm.
Simulation of mobility scenarios is performed. WiMAX network interface is the default network for each MN. In the 802.11b model, the data rate is 11 Mbps, the basic rate is 11 Mbps and bandwidth is also set to 11Mbps. The default configuration for WiMAX is set to Orthogonal Frequency Division Multiplexing (OFDM). The error free wireless channel is assumed and only one active data flow is available to MN at a time.
Sequence of Events:
The Media Independent Handover Function (MIHF) provides three types of services which include Media Independent Event Service, Media Independent Command Service, and Media Independent Information Service. These services facilitate handovers among heterogeneous wireless networks.
The QoS layer obtains required information of different variables from link layer which includes available bandwidth, signal strength and user preference. In the implemented version these information are obtained from tcl. The first step in the defined layer is to fuzzify the inputs.
The Fuzzification step defines membership functions (mf) for each variable. Table 1 describes the numbers assigned to each mf's.
Membership function for each variable is defined in Table 2 . For bandwidth we have defined only low and high mf's and for signal strength and user preference we have three mf; low, medium and high.
Rules Evaluation: In rule evaluation we have evaluated the rules using information from fuzzifier
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Maintaining states: this output is then written in file for further comparison and evaluation. In file we have three different rows for UMTS, Wi-Fi and WiMax with column state. Initially value in state column is 0 for all three interfaces, but with trigger generation and rule evaluation it will changes, and will overwrite the previous value.
Comparator: comparator is reading input from file and compare all the three values, it will first check if value is less than 5, in this case it will just eliminate the interface from comparison if greater than 5 then it will make comparison and give the greater number as output.
This output will goes to handover, which will redirect the flow to selected output or best interface. The QoS system flow starts with the MN currently connected to available network.As soon as the new network becomes available, trigger for signal strength, bandwidth and user presences are forwarded to QoS service module, which receives this information as the crisp input to fuzzified variables.
After the fuzzification, rules are evaluated and a defuzzified output is generated, which is stored in the form of new state. The output is compared with old state in the comparator and decision to switch the interface or to remain in the current network is taken.
The MIHF contains list of local interfaces to get their status and control their behavior. The MIH user is implemented as an Agent and registers with the MIHF to receive events from local and remote interfaces.
In the sequence diagram shown in Figure 5 , a mobile node with multiple interfaces having MIH and QoS layer installed, as it is terminal initiated handover and also MIH is also installed on each network for providing link information, i.e., bandwidth and Link Up , Link Down.
Sequence of system is currently MN is connected to UMTS network and MIH has its bandwidth and signal strength , if application changes during this trigger will be generated and MIH will receive that and further call the QoS layer for selecting best interface. Currently it is only one interface so MN will remain in the same network. When MN moves to the Wi-Fi coverage area again a trigger will be generated and MIH will respond to that trigger as it already registered triggers and it will send this information to QoS layer which will compute the information and compare this result with previously calculated value and select the output of best interface to handover module. Again on entering on WiMax coverage area, it will repeat the same procedure. On each trigger generation result is evaluated on QoS layer and state is maintained for comparison purpose. The simulation scenario 1 described in Figure 4 has been implemented using ns-2 [8] and results are analyzed using trace graph [9] . The MN has been configured to use multiple interfaces of UMTS, Wi-Fi and WiMAX. The MN becomes mobile among the available networks for approximately 200 sec. At the start of the simulation it is in UMTS and continues its communications with CN using UMTS network. At 4sec MN gets transferred to Wi-Fi and remains there up to 48 sec, after which MN has been handed over to WiMAX networks.
Performance Evaluation and Analysis
Analysis:
Analyzing the system performance as to ensure that the proposed system is better than previously presented, we compared the result of throughput, latency and jitter with previously presented approach and with simple scenario using same parameters but without QoS layer.In first case we compare the throughput, jitter and latency with simple approach.
Throughput:
In Figure 6 we have throughput of receiving bits with respect to time, we are sending heterogeneous traffic, till t= 80 sec it is data/web application and from t= 81 sec it is video application, so behavior of graph for both approaches is almost same as far as application is concerned but there is a increase of throughput of proposed approach in contrast to simple approach. Figure 7 shows the end-to-end delay of packets during 200 seconds. The end-to-end delay of proposed approach is almost 0.03 sec, and for the approach without QoS it is about 0.05 seconds for video application.
End-to-End Delay:
Jitter:
Jitter of proposed system is almost 0.001 sec which is quite low as compared to simple approach which has variation in jitter, at some places it goes up to 0.025 sec QoS based Vertical handover between UMTS, WiFi and WiMAX Networks Hasina Attaullah, Muhammad Younus Javed and rest it remains at 0.003 seconds. This jitter is not as higher as compared to proposed system but the variation in jitter for video application is not acceptable, shown in Figure 8 . 
Conclusion
To select the best network based on the above characteristics, a model is proposed which acquires the information related to neighbor discovery, link information from 802.21 MIHF and, based on this information; it anticipates handover using Fuzzy logic. The proposed model is efficient enough to select the best interface according to traffic nature and signal strength, and it is also maintaining the state of current interface for future decision.
Simulation results demonstrate that proposed approach works well with respect to throughput, latency and jitter. Compared with other related approaches, the proposed approach has a slight increase in throughput, and decrease of latency and jitter; however, it does not take into consideration the power consumption of Mobile node. 
